An analysis of the interdependence of demographic factors, labour effort and economic growth in Ireland", International Journal of Social Economics, Vol. Abstract Purpose -The purpose of this article is to analyse the effects of a declining birth rate and an increasing old age-population ratio on Ireland's economic output. Design-Methodology/Approach -This paper utilises data on the birth rate, old-age population ratio, economic output and labour effort of the Irish economy to estimate a vector-autoregressive model. The results of this model are then analysed to test for the presence of Granger causality among these variables. In doing so it is possible to assess whether there are statistically significant causal relationships existing among these factors. Subsequently, impulse response functions are derived from this model in order to assess the magnitude of the causal relationships.
Introduction
and Caldwell and Schindlmayr (2003) highlight that there has been a demographic transition from high to low fertility rates within most developed and developing nations. The changing family dynamic towards smaller families is argued by some economists to be a response to changing incentives in the economic climate households find themselves in (Becker 1960; Becker 1981; Barro and Becker 1989; Winegarden and Wheeler 1992; Wang, Yip and Scotese 1994; Caldwell and Schindlmayr 2003) . With lower levels of child mortality, increased time devoted to labour effort and increasing returns to productive effort there has been a substantial decrease in the observed fertility rate. In turn, this reduced fertility rate, over time, can translate into an increasingly aging population. This effect can be observed in an increasing number of countries (Lee 2003) .
This paper analyses the nature of the causal relationship between the fertility rate, the old-age dependency ratio, labour effort and economic development for Ireland. The time period studied is from 1960 to 2007. The consideration of these factors is particularly important in the Irish context as, during this time period, Ireland has experienced a vastly changing demographic structure as well as vast economic changes. With further demographic changes predicted, such as an ever increasing aging population, it is vital to consider the impact these changes may have on future economic prosperity. However, the nature of the causal relationship between economic growth and demographics is unclear; and may run both ways. This presents issues for policy makers as a reduction in the fertility rate coupled with an increasing old-age dependency ratio may constrain further economic development.
In order to operationalize this analysis, this paper utilises a vector autoregressive (VAR) model to assess the nature of the Granger causality relationships between the factors considered (Granger 1988; Tonda and Phillips 1993; Tonda and Yamamoto 1995) . Further to this, impulse response functions are derived to assess the magnitude and directionality of the causal relationships (Lütkepohl 2005) . The use of this approach is possible due to the co-integrating nature of the factors considered (Johansen 1988; Johansen and Juselius 1990; Johansen and Juselius 1992) .
The remainder of this paper is structured as follows. Section 2 provides a review of the relevant theoretical concepts underpinning this study. This is followed in Section 3 by an overview of the data considered. Section 4 describes the development of the model utilised. The empirical results derived by this study are discussed in Section 5. The final section concludes and provides policy considerations arising from the empirical investigation. Winegarden and Wheeler (1992) identify that there has been a substantial shift away from the "traditional" family to the "small" family in an increasing number of modern economies. Coupled with a reduction in family size, a reduction in mortality has also been observed which further alters, not only family dynamics, but the aggregate growth rates and age structures of national populations. Nations with declining fertility rates and lower levels of mortality are likely to experience an aging process; whereby, over a period of time, their old age dependency ratio increases (Lee 2003) . The causes and consequences of these demographic changes are much debated (Barro and Becker 1989; Winegarden and Wheeler 1992; Wang et al. 1994; Hondroyiannis and Papapetrou 2001; Lee 2003) . This paper analyses the causes and impact of changing demographics in Ireland on labour effort and economic development. In doing so it acknowledges theoretically that the relationships between factors may have a dual-causality, and, therefore, develops a modeling framework to account for this.
Review of Existing Literature
The remainder of this section provides a review of existing literature on economic development and demography. Among the literature there is a disagreement as to the precise nature of the relationship between these factors. Therefore, a review of each of the varying views is provided. Section 2.1 outlines the potential impacts of economic growth on demographic factors. This is followed in Section 2.2 with an outline of how demographic factors may negatively impact economic growth. Finally, Section 2.3 outlines arguments which propose that demographic factors may have a positive effect on economic growth. Winegarden and Wheeler (1992) identify that economic changes may impact on the fertility rate through a supply and demand framework (Becker 1960; Becker 1981) . It can be argued that fertility may be considered as a maximising process in which the number of children conceived is obtained by maximizing a utility function, subject to the constraint of income and relative prices (Winegarden and Wheeler 1992; Galor and Weil 2000; Narayan 2006 ). Lee (2003) suggests that child-bearing and raising is time intensive. He holds that technological progress and increasing physical and human capital over time can raise the productivity of labour. This raises the value of time, as increased productivity allows workers to realize higher levels of income than before from time dedicated to labour effort. Given these higher levels of income, the opportunity cost of having children increases, as the time exerted on the bearing and raising of children necessitates the forgoing of potential income (Lee 2003) . The increasing opportunity cost of children acts as a disincentive to bearing children and reduces the fertility rate (Hondroyiannis and Papapetrou 2001; Caldwell and Schindlmayr 2003) . Therefore, according to this view, increases in economic development should decrease the fertility rate.
Economic Growth Impacts on Demographics
Similarly, Wang et al. (1994) suggest that fertility choice can be impacted upon directly by labour effort. They postulate that an individual's time can be divided into a number of productivity activities, such as labour effort, leisure and child-rearing. As all activities are time intensive, choices to increase labour effort reduce the time which can be devoted to child-rearing, thereby reducing the fertility rate. Narayan (2006) argues that increased employment opportunities provides the potential for women to delay the age of reproduction, thereby reducing the number of children conceived. Again this suggests that increased labour effort reduces the fertility rate. Ahn and Mira (2002) argue against the concept that economic development has a negative impact on the fertility rate. They propose that the combination of increased participation by females in the workforce and higher wages results in a situation where females in developed countries can purchase child care from market sources. This has the effect of weakening the negative association between economic growth/labour effort and the fertility rate. Ermisch (1989) proposes a model whereby female participation in the labour market initially results in a negative fertility effect but that this reverses once a certain wage treshold is reached. The underpinning principle of the model is that with increased wages it is possible for mothers to shift time they would have spent raising children over to child care which is available from market sources. Thus negating to some extent the choice between labour effort and raising children. Hondroyiannis and Papapetrou (2001) describe how a declining fertility rate, coupled with an increasing old-age dependency ratio, has the potential to impact on a nation's economic development. They term this a "double aging process", where there is a decreasing active population, relative to total population, due to falling fertility rates and increasing life expectancy. This results in an increasing proportion of the population falling into the dependency category. With a smaller proportion of the population contributing to the work force the potential for economic growth is reduced. Regarding labour effort, Hondroyiannis and Papapetrou (2001) and Caldwell and Schindlmayr (2003) suggest that the choice to invest in child-rearing may have a negative impact in female participation in the workforce. This arises due to a reduction in the time an individual can invest in labour effort.
Demographics Negatively Impact Growth
It is important to also note that the changing demographics are not confined merely to a reduction in the fertility rate. Many economies are also experiencing an aging population; which may have ramifications for further economic development (Hondroyiannis and Papapetrou 2001; Hondroyiannis 2010) . This situation arises due to a low fertility rate restricting growth in the working aged population and, over time, increasing the old-age dependency ratio (Lee 2003) . This can have negative impacts on economic development through reducing the available workforce and increasing the level of dependency (Hondroyiannis and Papapetrou 2001; Prskawetz, Kögel, Sanderson and Scherbov 2007) . Further to this, an aging population may also reduce the labour effort available within the economy (Caldwell and Schindlmayr 2003) . Prskawetz et al. (2007) suggests that a declining fertility rate can have a positive impact on economic growth. Bloom and Williamson (1998) identify two mechanisms through which this can occur. Both mechanisms revolve around the effect a declining fertility rate has on the ratio of working age population to total population. As the fertility rate falls, the proportion of people in the working aged category relative to the total population increases. The first mechanism is that the increasing ratio of working age population to total population implies an increase in the ratio of "producers" to "consumers". Essentially more individuals are producing in the economy versus the number which are just consuming. This drives up the total output in an economy, rising living standards for all.
Demographics Positively Impact on Growth
The second mechanism is behavioral effects, where a rising ratio of working age population to total population implies a falling dependency ratio which in turn increases aggregate savings (Bloom, Canning and Graham 2003) . The rationale behind this is that in countries with a high fertility rate there are a large number of dependents which consume the income of the working age population. Where fertility rates are lower there are less dependents consuming this income, facilitating higher levels of savings (Kelley and Schmidt 1996) . These higher savings levels, in line with standard economic growth theories such as the Solow (1956) model, translate into higher levels of economic growth.
Following from the above discussions, demographic changes in the fertility rate and oldage dependency ratio can impact on, and be impacted by, economic development and labour effort (Barro and Becker 1989; Wang et al. 1994; Lee 2003) . The interrelatedness of these factors presents difficulties in the disentanglement of the causal effects of each. Therefore, in order to ascertain the consequences of the changing economic development, labour effort and demography in Ireland over the period 1960 to 2007, a model is developed which allows for an analysis of the causal impact of each variable on the other.
Data

Data Sources
In order to address the questions posed by this paper, data on fertility, old-age dependence, labour effort and economic development are required. These data, for the time period 1960 to 2007, are assembled from a number of sources. Data on Irish fertility rates is obtained from the World Bank's World Development Indicators data set (World Bank 2010); and is defined as the average births per woman. The old-age dependency ratio is calculated from data obtained from the Irish Central Statistics Office (CSO 2009); based on the proportion of the population aged between 20 and 64 to those aged over 65. Labour effort is proxied for by the total hours worked in the economy, which is obtained from the Total Economy Database (The Conference Board 2010). Real gross domestic product (GDP) per capita is used to measure economic development and data on this is also obtained from the Total Economy Database. It is expressed in constant 2009 level US$. For ease of presentation the variables are defined as; fertility ratio (FERT), old-age dependency ratio (DPR), total hours worked (THW) and real GDP per capita (RGDP).
The use of these variables is consistent with the international literature surrounding this area (Wang et al. 1994; Hondroyiannis and Papapetrou 2001; Hussain, Malik and Hayat 2009; Hondroyiannis 2010) . Figure 1 plots the fertility rate and old-age dependency ratio for Ireland. Over the time period studied both have fallen rapidly. The fertility rate has declined from just under four births per woman in the 1960s to under two births per woman by 1990. After 1990 the fertility rate has stabilized and only fluctuated slightly around this value. The decline in the old-aged dependency ratio has been more consistent. Starting from the mid 1960s, Ireland's old-aged dependency ratio has fallen from approximately 24 percent to just under 18 percent. The movement of these variables represent a time in Irish economic history when the country experienced both declining fertility and declining old-age dependency. However, this decline in the old-age dependency ratio is not expected to continue and the ratio is expected to rise rapidly in the future. See Appendix 1 for a disaggregated view of Irish population by age category.
Describing the Irish Data
Take in Figure (1) Figure 2 displays the economic changes which took place in Ireland over this time period. From 1960 to 1990 total hours worked in Ireland decreased slightly. However, after 1990 there was a dramatic increase in the total hours worked. This increase coincides with the "Celtic Tiger" period of Irish economic growth and the subsequent growth in domestic demand; both of which resulted in large increases in employment and immigration. Economic growth has followed a similar path. From 1960 to 1990 the Irish economy experienced moderate growth, however, after 1990 economic growth accelerated rapidly. Again, this can be attributed to the economic changes occurring in Ireland during this time. See Kennedy (2001) for a concise discussion on the cause of Irish economic growth during this time period. Take in Figure (2) 
Modeling the Causal Relationship
In order to analyse the relationship between fertility, old-age dependency, labour effort and economic development a vector autoregressive (VAR) model is estimated. This facilitates the use of a test for Granger causality and the derivation of impulse response functions from the model (Granger 1988; Lütkepohl 2005) . The use of these methods allows for the causal impact of each variable on the other to be distinguished. However, before this can be undertaken the data must be subjected to a number of tests and manipulations so as to ensure the model specification is correct.
Unit Root Tests
The first stage of the analysis is to ascertain whether the variables considered possess a unit root. In line with Hondroyiannis and Papapetrou (2001) and Awoluse (2005) both an Augmented Dickey-Fuller (ADF) test and a Phillips and Perron (PP) test are employed (Dickey and Fuller 1979; Phillips and Perron 1988) . The combination of these tests allows for a robust analysis of the degree of integration of the variables considered. In order to determine the specification of the lag structure required for the test equations, auto-correlograms are derived and analysed.
Analysing the Lag Structure of the Vector Error Correction (VEC) Model
As time series data are utilised there is the potential that regressing one variable on another may result in a spurious estimation due to an underlying trend in the data. However, should the variables be co-integrated, a long run relationship exists between them and spurious regressions are avoided. Therefore, this paper tests for the presence of co-integrating relationships between the variables utilised.
However, before implementing the co-integration test the correct lag structure must be identified. To accomplish this three tests are used; these are the Aikaike information criterion (AIC), Hannan and Quinn information criterion (HQIC) and Schwartz's Bayesian information criterion (BIC) (Aikaike 1974; Schwarz 1978; Hannan and Quinn 1979) . The principles behind these tests are that they measure the discrepancy between the given model and the true model and select the lag length which minimizes this discrepancy (Lütkepohl 2005) . The lag length, as indicated by these measures, is included in the subsequent statistical analysis which requires a lag structure.
Co-integration Tests
As outlined above when considering time series data which may possess a unit root there is the potential of spurious correlations between the variables. Therefore, in order to ensure the correct model specification is adopted, this paper investigates whether a cointegrating relationship exists among the variables considered. While Engle and Granger (1987) provide a useful test for co-integration, it is limited to the analyse of pair-wise cointegrating relationships. As more than two variables are analysed in this paper, and there is a postulated co-integrating relationship between all of them, a test which can account for this is required. Therefore, the Johansen-Juselius co-integration test is utilised (Johansen 1988; Johansen and Juselius 1990; Johansen and Juselius 1992) . This test is based on the VEC model given as:
Where X t is a (n x 1) column vector of p variables,  is a (n x 1) vector of constant terms,  represent coefficient matrices,  is a difference operator, i denotes the lag length and t  is the error term. The coefficient matrix  is known as the impact matrix and it contains information about the long-run relationships. Johansen and Juselius' (1990) methodology requires the estimation of equation (1) and tests for co-integrating relationships using the trace test statistic and the maximum eigenvalue test. The null hypothesis of the trace statistic is that there are no more than r co-integrating relationships. The alternative hypothesis of the trace statistic is that the number of co-integrating relationships is larger than the number r assumed under the null hypothesis. Repeated testing of alternative null hypotheses allows for the identification of the correct number of co-integrating relations between the variables analysed.
Estimating the Vector Autoregressive (VAR) Model and testing for Granger Causality
Once the order of co-integration has been identified this paper estimates a VAR model. A VAR model is estimated as, while causality can be identified from the VEC model, this describes the short term relationship between the variables. By utilising a VAR model it is possible to analyse the long term co-integrating relationship between the variables (Doyle 2001) . A test for Granger causality is applied to the VAR model estimated as outlined by Tonda and Phillips (1993) , Tonda and Yamamoto (1995) and Zapata and Rambaldi (1997) .
This initially involves the estimation of the VAR model expressed in equation (2).
In the above VAR model four variables are considered and are specified as linear functions of  of their own lags and  lags of the other three variables. Where t y is a matrix of (n x 4) variables,  is a (n x 1) vector of constant terms,  is a (n x 4) matrix of coefficients,  is the lag length and t  is the error term.
To test for Granger causality in a VAR model a series of Wald tests or likelihood tests of linear restrictions of the lagged coefficients of the independent variables can be employed (Tonda and Phillips 1993; Tonda and Yamamoto 1995; Zapata and Rambaldi 1997) . This allows for a test of the null hypothesis that the lagged values do not predict the dependent variable; thereby indicating that they do not Granger cause the dependent variable (Granger 1988) .
Impulse Response Functions
In order to expand on the tests of Granger causality by considering the magnitude of the causal effects, impulse response functions are derived from the estimated VAR model. These functions allow for an analysis of the response of variables to shocks caused by other variables in the system (Lütkepohl 2005) . In this instance the orthogonalized impulse response functions are obtained from the VAR model and plotted. The use of impulse response functions allows for an analysis of the response of variables to shocks within the system. The effect of each variable on the others can be isolated and interpreted and the directionality of the relationship also identified. (Wang et al. 1994; Masih and Masih 1999; Hondroyiannis and Papapetrou 2001) . Table 1 presents the results of the ADF and PP tests of stationarity for each variable. As would be expected, the variables are not stationary in their levels. Both the ADF and PP tests indicate that FERT, DPR, THW and RGDP are non-stationary. However, when first differences are taken the ADF and PP tests reject the null hypothesis of non-stationarity; suggesting that ΔFERT, ΔDPR, ΔTHW and ΔRGDP are stationary. Combined, these results suggest that the variables considered are integrated of order one. As these variables are non-stationary in their levels, if no co-integrating relationship is present regressing them on one another may generate spurious relationships. This necessitates testing the variables for a co-integrating relationship using the JohansenJuselius co-integration test (Johansen 1988; Johansen and Juselius 1990; Johansen and Juselius 1992) . Table 2 presents the AIC, HQIC and SBIC tests for the lag structure of the variables considered. The lag structure, as indicated by a combination of these three tests, will be included in the estimation of the VEC model required for the Johansen-Juselius cointegration test. As can be observed from the results there is no clear indication of the exact lag structure to use when estimating the VEC model. The AIC test indicates that the optimal lag structure is four lags. This is contradicted by the HQIC and SBIC tests which suggest a lag structure of two and one lags respectively. Taking into account the information provided by each test a lag length of two is selected for inclusion in the subsequent VEC model. Table 3 presents the results of the Johansen-Juselius co-integration test. In order to ascertain the correct number of co-integrating equations in the system the trace and eigenvalue test statistics are evaluated. Based on the trace statistic, the null hypothesis that there are no co-integrating relationships in the model is rejected. This suggests the existence of at least one co-integrating relationship. Further to this, the trace statistic suggests that the null hypothesis that there is more than one co-integrating relationship is rejected; implying that there is no more than one co-integrating relationship. Therefore, it is concluded that only one co-integrating system exists. Table 4 presents the results of the tests for Granger causality. This is implemented through the use of the Wald test statistic; with the null hypothesis suggesting no causal relationship exists (Granger 1988) . The null hypothesis of non-causality is rejected for a number of the variables considered. The directionality and magnitude of this causality is not discussed further here but is analysed and described in Section 5.5 when considering the impulse response functions.
Empirical Results
The Presence of Unit Roots
Testing for Lag Structure
Testing for Co-Integration
Granger Causality
Regarding the effects of the fertility rate, the null hypothesis that the fertility rate does not Granger cause real GDP per capita can be rejected. This finding provides support for the hypothesis proposed by Prskawetz et al. (2007) ; that the fertility rate, through reducing the youth dependency ratio, can have implications for the rate of economic development. However, the null hypothesis can not be rejected for the effects of the fertility rate on the dependency ratio and total hours worked. This finding of no causal relationship between the fertility rate and total hours worked is counterintuitive. It would have been expected that the decision to have children would reduce the time with which individuals would have to devote to labour effort (Barro and Becker 1989; Galor and Weil 2000) . However, a possible explanation of this insignificant effect is proposed by Ahn and Mira (2002) who suggest that the increasing availability of market based childcare and the increasing wages available to women have resulted in a weakening of the tradeoff between work and raising children. Therefore, women do not face the same time constraints as before and can choose to both have children (who can be taken care of through market based child care) and engage in the labour force. Note 1: → / represents "does not cause" 2: * reject null hypothesis at 10% significance level, ** reject null hypothesis at 5% significance level and *** reject null hypothesis at 1% significance level.
For the old-age dependency ratio it is possible to reject the null hypothesis of noncausality for total hours worked and real GDP. This suggests that, as expected, the dependency ratio has a causal influence on these two variables (Hondroyiannis and Papapetrou 2001) . However, it is not possible to reject the null hypothesis that the oldage dependency ratio does not cause the fertility rate.
Turning to total hours worked the null hypothesis of non-causality for the fertility rate and real GDP is rejected. This finding is in line with the theory suggested by Becker (1960) , Wang et al. (1994) and Hondroyiannis and Papapetrou (2001) and suggests that the number of hours worked can impact on output and fertility choice. The results also suggest that total hours worked does not Granger cause the dependency ratio.
Finally, it can be observed that real GDP per capita Granger causes the fertility rate and the total hours worked. A significant causal effect of GDP per capita on the fertility rate is consistent with Winegarden and Wheeler's (1992) proposition that the decision on the number of children to conceive is obtained by maximizing a utility function subject to an income constraint, with GDP per capita proxying as the income constraint in this case. Regarding GDP per capita and total hours worked, Lee (2003) argues that individuals respond to incentives, and that as the reward from working increases (GDP per capita) people will choose to engage more in the labour force.
Orthogonalized Impulse Response Functions
Progressing from the analysis of Granger causality discussed above the orthogonalized impulse response functions are presented in Figure 3 . These allow for a discussion of the magnitude and directionality of the causality identified. Discussion will focus on the variables which were found to have a significant Granger causal relationship.
Take in Figure ( 3)
Row one of Figure ( 3) shows the fertility rate as the impulse. A positive fertility shock can be observed to have a negative impact on economic output. This suggests that as more resources are devoted to child-rearing, this has a negative impact on output. This is consistent with Prskawetz et al. (2007) assertion that by reducing the young-age dependency ratio, through a reduction in the fertility rate, more opportunities are provided for economic growth.
The second row of graphs in Figure 3 relates to the impulse response of the variables to a shock in the old-age dependency ratio. An increase in the old-age dependency ratio results in a decrease in the total hours worked. This result may be a manifestation of a reduction in the proportion of the population in the working age category. As this category decreases, due to depletion accruing from retirements, the potential pool of workers which can dedicate time to labour effort decreases. Finally, an increase in the old-age dependency ratio results in a decrease in output. This negative impact of an increasing old-age dependency ratio on economic output may arise due to a reduction in a nation's ability to fully capitalize on its economic potential due to an insufficient working age population. These results are generally consistent with the findings of Hondroyiannis and Papapetrou (2001) and suggests that an aging population can have serious implications for future economic development.
The third row in Figure 3 relates to the effect of a shock to the system from total hours worked. A positive total hours worked shock increases the fertility rate. This result is surprising given the a priori expectations that workers devote their time between childrearing and labour effort. This result is inconsistent with that presented by Wang et al. (1994) and Hondroyiannis and Papapetrou (2001) . However, it may be a manifestation of the decision by women to postpone child-rearing until later in life due to increased employment opportunities. This would result in initially higher levels of labour effort by women followed by a subsequent transfer of time to child-rearing. Finally, a positive total hours worked shock has a positive effect on economic output. This is expected as when labour effort increases it would be anticipated that economic output would also increase. The more time that is allocated to productive effort the more output that would be produced (Lee 2003) .
The fourth row of Figure 3 presents the graphs of the impact of an economic output shock on each variable in the system. Output was found to Granger cause the fertility rate and total hours worked. It can be observed that a positive output shock results in a slight rise in the fertility rate. This increase is counter to Winegarden and Wheeler's (1992) proposition that an increase in economic prosperity results in a decrease in the fertility rate. One possible explanation for this result is proposed by Ahn and Mira (2002) . They note that while increases in income have been associated with decreases in fertility rates in most developing countries over the last number of decades there has been a number of studies which have documented a weakening of this relationship. Ahn and Mira (2002) also find a positive association between economic growth and fertility from 1980 onwards in their analysis of a panel of OECD countries. They conclude that the increased availability of market based child care and the rising income effect of wages, at high levels of the female wage, mitigate what once was a trade off between employment and children.
The positive output shock of GDP on total hours worked is consistent with Wang et al. (1994) , who also find that in higher levels of economic output results increased labour effort. Wang et al. (1994) explain this effect by suggesting that the higher wage rates available when economic output is growing entices more people into the labour market, thus causing an increase in labour effort.
Conclusion and Policy Implications
This paper analyses the causal linkages between demographic changes in Ireland and labour effort and economic development. In doing so it provides an insight into how the changing demographics of Irish society may impact on future economic growth. An increasing old-age dependency ratio is found to reduce economic output while a declining fertility rate is found to increase economic output. It also highlights the inter-relatedness of the fertility rate, labour effort and the old age dependency ratio and their impact on the economic development of Ireland. This is accomplished through the estimation of a VAR model to analyse the Granger causalities between the variables considered and the generation of orthogonalized impulse response functions.
Tests of Granger causality indicate that the fertility rate has a significant causal impact on a nation's economic development with the impulse response function indicating that a positive fertility shock causes a decrease in economic output. This finding is consistent with that of Prskawetz et al. (2007) , who suggest that a decrease in the fertility rate reduces the young-age dependency ratio, thereby providing more opportunities for economic growth. This suggests that the declining fertility rate should not be of concern to policy makers as it will not have an immediate negative impact on future economic development. A lower fertility rate may contribute to economic development by reallocating resources away from child rearing and into the workforce.
However, over a longer term horizon this declining fertility rate may have serious ramifications through another demographic transformation; that of an increased old-age dependency ratio. Caldwell and Schindlmayr (2003) suggest that the fertility rate in modern economies is falling below the replacement rate; resulting in an ever increasing proportion of the population falling into the old-age category. Indeed, as can be observed in Appendix 1, this aging effect is occurring in Ireland over the time period studied. With a decrease in the percentage of the population between the ages of 15 and 24 and an increase in those aged 35 to 64 and aged over 65.
The results discussed earlier in this paper point to the negative impact an increasing oldage dependency ratio can have on other demographic factors and on labour effort and economic development. The Granger causality tests indicate that the old-age population ratio has a causal influence on total hours worked and on economic output with the impulse response factors suggesting that increases in the old-age dependency ratio reduce the total hours worked in an economy and economic output. These results suggest that the aging process, predicted to be experienced by Ireland in the near future, will have negative implications for future labour effort and economic development.
Overall these results point to the conclusion that, while in isolation the decreasing Irish fertility rate has no negative implications for economic development, when viewed in conjunction with its contribution to an aging population, this trend should be worrying for policy makers. Evidence presented in this paper indicates that an increasing old-age dependency ratio has a negative impact on both the labour effort exerted within an economy and on economic development. This suggests a need for policy makers to plan for the problems associated with an increasingly aging population; such as ensuring sufficient funds for the provision of State pensions and health care as well as considering how to promote economic growth and engagement in the labour force.
As noted by Botman and Iakova (2007) careful planning can help to avoid potential problems associated with an aging population. It was with this foresight in mind that the Irish government established the National Pension Reserve Scheme. This was established as an investment fund designed to provide for future pension requirements. However, this fund has been depleted in recent years to shore up the large government budget deficits experienced during the financial crisis. This has resulted in the fund becoming insufficient to meet future pension needs. Substantial re-investment will be required in this fund to ensure sufficient reserves are amassed to provide for the existing planned pension entitlements.
To mitigate for the negative impact of an increasing old-age dependency ratio on economic growth Johnson and Zimmermann (1992) propose that the retirement age could be increased and that the economy may seek to attract workers from other countries. Ireland is already progressing down both of these paths, increasing the retirement age for those currently in the workforce and encouraging immigration through engagement with the European Union. These two factors could encourage more engagement in the workforce, reducing the old-age dependency ratio and mitigating for the negative effect an increasingly aging population may have on economic growth. 
